A Class of Piecewise Linear Differential Equations Arising in Biological Models by Gouzé, Jean-Luc & Sari,  Tewfik
A Class of Piecewise Linear Differential Equations
Arising in Biological Models
Jean-Luc Gouze´, Tewfik Sari
To cite this version:
Jean-Luc Gouze´, Tewfik Sari. A Class of Piecewise Linear Differential Equations Arising in
Biological Models. RR-4207, INRIA. 2001. <inria-00072415>
HAL Id: inria-00072415
https://hal.inria.fr/inria-00072415
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
 
 
 
 
 
 
 
IS
RN
 IN
RI
A/
RR
--4
20
7-
-F
R+
EN
G
ap por t  

de  r ech er ch e 
TH `EME 4
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
A class of piecewise linear differential equations
arising in biological models
Jean-Luc Gouze´ — Tewfik Sari
N° 4207
Juin 2001
Unite´ de recherche INRIA Sophia Antipolis
2004, route des Lucioles, BP 93, 06902 Sophia Antipolis Cedex (France)
Te´le´phone : +33 4 92 38 77 77 — Te´le´copie : +33 4 92 38 77 65
  
	ﬀﬁﬃﬂ! "ﬁ#%$&'()+*ﬀ,$&	-ﬀ.ﬁ/&ﬀ0
21		0'(34	5ﬂ6
798;:9<>=?@&ACBD9@&EGF8IH&J8LKNM#OQP:SRUTV
WXZY
[U\[,]-^`_bac\edgfchjikamlbno[ilLpqirac\acsthjiraulLn
v
['skw;ski
Y
[\-[syxlb\%pgfm[zg[s
{}|
l~[ilL\-l
|
[

hLpqpl
|
i
v
[
|
[x
X
[
|
x
X
[nS];jb^Łdgacnﬀj^-pqhjL[s
+q

[aunbL[skirauLhjik[i
X
[p
|
lbp[
|
ikam[Uslei
X
["sklfcdgikamlbnqsoljh(xfchstslpgau[x[ acsr[¡¢fuaunq[h
|
v
a¤£¥[
|
[nbirachjf[¦;dqhiraulLnqs§
WX
[e[U¦;dqhjikamlbnqsh
|
[ehLpqp
|
lLp
|
achjir[ikl\-l
v
[f&¨gaulfulacxhf>skw;skir[U\%sacn 
X
acx
X
i
X
[
|
[5h
|
[Nsr auikx
X
¡¢fuau©[%aunbir[
|
hLxikamlbnqs¨[iª [[ni
X
[N[fu[\-[nbiks'ljyi
X
[nq[iª }l
|
©S§
WX
[+hnqhfmwgskaus«dqsk[s
i
X
[ﬀxlLnx[pqielj­¬aufuaupqpSl®IsklfcdgiraulLnqselj
v
austxlbnLikaun;dglbdqs
|
au
X
i
X
hn
v
ska
v
[s-[¦;dqhiraulLnqs§C¯ªi-au[UsehLn
acnqskam
X
ilbnIi
X
[ﬀsklj¡ªxhfmfu[
v
sracngLdqfuh
|
sklfcdgiraulLnse 
X
acx
X
fmau[+lbnIi
X
[skd
|
°hx[slj
v
austxlbnbiracnbdqamiªwL§

[
skikd
v
w+sk[L[
|
hjf9[zqh\%pgfu[sylL[ng[iracx,nq[iª }l
|
©bs§
±ﬀ²b³¥´tµe¶S·¹¸
acskxlLnbiracn;dglLds
v
a¤£¥[
|
[nbikauhf#[¦;dqhjikamlbnqsº>srik[h
v
wskikhjik[sº»¬&amfuacpqpl®srlLfudqiraulLnqsº>skikh®¡
¨qamfuamiªwLº¨gaulfulLauxhjfZsrwgskir[U\-sºg[Ung[ikaux«ng[iª l
|
©;s§
¼}½¾¿¿jÀ!ÁÃÂÃÄÅ«ÆÇÂÃÈÄÉÅ®ÊËZÌÊ½Í¾UÂÃÀ!ÎÏtÂ¢ÐÒÑ¾ÄGÏÔÓÅ­ÂÃÈÄ/ÕÁÃÄrÓUÖ×È'Ë»Ø&ÊÙqÚÛ!Á¢À!¾¿
Ü/Ý¥ÞrßªàáÔâÞâ®ã9áäÔßÃÞrå×å&æSç
ÏÔÆÀ!Á¢ÏtÂ¢À!ÐÒÁÃÄÅUÄèÏtÂÃÈ9éÄÎÏtÂÃÐÒÑ¾Äêrëì#ÁÃ¾Ä»ÅÄê¥ÕÁríÄrÁÃÄê
ç
¾ÎÐuíÄÁÃÄë!î!ï!ð!ñ!òGè«¾UóÒÈÀ!¾ê¢Ä!ëÕÁ¢ÏÔÓÖÄô
ÙõöèÏÔÐÒóc÷gøqùöú!ûtüýtþkß ýß	
	rß;ùü
 ﬀ  ﬂ)+*ﬀ,$&	-ﬀ.ﬂ! ﬁ#-$# 'ﬁ# ﬀﬁ
34	eﬁ#'* ﬀﬁ#	
	-ﬀ'-$ ﬂ 3 	5ﬂ­ 1	-	0)+*ﬀ
²;²(
lLds[ikd
v
amlbnqsdqng[NxfuhLsksk[
v
[5srwgski
Y
[U\[Us
v
a¤£
[
|
[nbikam[fus,fuaun[hja
|
[s,pqh
|
\-l
|
x[Uhd;zZº»¦;dga
acnbir[
|
;au[nqng[UnbiynqlikhL\%\[Unbi¦bdhn
v
fm[UsacnLik[
|
hxiraulLnqs}[nbi
|
[[fﬀ[U\-[nbiks
vﬂﬁ
dqn
|
[sk[hd+¨gaulfulac¦;dg[«srlbnLi
v
diªwgpS[ﬃ
Y
h«sk[dgauf! q§/[s/\-l
v Y
[fm[Us#srlbnLi&i
|Y
[Us
|
[¦;dg[\%\-[nbi#dgikamfuaus"[Us
v
hnqs/fm[Us
v
lL\%haung[Us
v
[s
|
[Usr[Uhd;z
[Un$#wg\%hjikau¦;dg[UslLdﬀ%[n[ikau¦;dg[Usº;[i­lLnbiy°hjauif
ﬁ
lb¨;~[i
v
[englb\e¨
|
[d;zoi
|
h®hd;zZ§

li
|
['hLnqhjfuwgsr['dqiraufmacsr[
fu[xlLnqx[pgi
v
[%srlLfudgikamlbnqs
v
[¬&aufmacpqpSl®ﬀpSlLd
| v
[Us[¦;dqhjikamlbnqs
Y
h+sr[Uxlbn
v
\-[\¨
|
[
v
acskxlLnbiracn;dZ§

lLdqs
\-lbnLi
|
lbnqsG¦;dg[­f
ﬁ
[ikd
v
[
v
[s}sklfcdgiraulLnqssracngbdgfma
Y
[
|
[Usºbskd
|
fu[s}skd
|
°hx[s
v
[
v
acstxlLnbikaun;dgaui$[LºL[Usri}xfch
|
a'&([[Lº
[inglLds)[itd
v
aulLnqsypgfcdqskam[Ud
|
sy[zg[\%pgfu[s
v
[
|
[sk[hLd;z5%[n[irac¦;dg[s§
* ¶U´Ô,+-²;5/.
¦;dqhiraulLnqs
v
am£
[
|
[Unbirau[fufm[Us
v
acstxlLnbikaun;dg[Usº%[¦;dgaufmac¨
|
[sºbsklfcdgikamlbnqs
v
[¬&amfuacpqpl®¥ºgskikh¨qa¤¡
fuaui$[Lºqsrwgski
Y
[U\[Usy¨gamlLfmlLac¦;dg[sº
|
[Usr[Uhd;zN%[n[irac¦;dg[s§
 	
	 	ﬀﬁﬂﬃ	 !ﬁ"#$ %
& 	-$&-$&
')(	*
U¶»·j,+ö¶
* -
.0/21
²gU²
*
,+ 3+ö¶
*54
$6
1 7
8:9
+ ++;6ﬃ6G¶=< U¶ + »,+ö¶
*
N¶>
1
²@?BA ³»U²  C
-
²
4
+öq
*
· ,+
*ﬃ4
+öq+Ug3+ö¶
*
qU³D6/¶+
*
U E
FHGI
 J6+ö²;
'=K
L
§m
.
zqh\%pgfu[,l
{
fuh
X
ir[ºNM[Usrikf>hn
vPO
\
X
lLfmiRQ ,S §§«§§«§§§,§§«§§«§§§«§§«§§,§§ U
L
§ 
.
zqh\%pgfu[,l/_gnglLdqstska»hn
v WX
lL\%hLsRQ UTS§§§«§§«§§«§§§,§§«§§«§§§«§§«§§,§§ L
L
§
% .
zqh\%pgfu[,l
WX
lL\%hsBQ ,S»§«§§§«§§,§§«§§§«§§«§§«§§§,§§«§§«§§§«§§«§§,§§ L
7VU
¶
*
 + >,+ö¶
* '=8
W
>$	eYX 0*ﬀﬁ#

WX
[[fulgxauiªw5lj&\-liraulLnﬀhfmlbng-h-i
Xq|
[Us
X
lf
v
X
wgp[
|
pqfuhLng[§§,§§«§§«§§§«§§«§§,§§ 
L

WX
[[fulgxauiªw5lj&\-liraulLnﬀhfmlbngi
X
[acnLik[
|
sr[Uxikamlbnliª }l-i
Xq|
[s
X
lf
v
X
wgpS[
|
pgfuhLng[s§§ ,Z
% WX
[\[l® QhLn
v
i
|
hLnqskamikamlbn
|
hLp
X
l^]k_#§§§«§§«§§«§§§,§§«§§«§§§«§§«§§,§§ ®
]
WX
[\[l® QhLn
v
i
|
hLnqskamikamlbn
|
hLp
X
l^]kU=_#§§§«§§«§§«§§§,§§«§§«§§§«§§«§§,§§ ,`
L
WX
[i
|
hnqskamikamlbn
|
hLp
X
la]k
%
_e§«§§,§§«§§§«§§«§§«§§§,§§«§§«§§§«§§«§§,§§ U
Z
WX
[
v
lb\%hjacnqs}lj>[z;acskir[nx[l&_q_
{
lj^]r
%
hn
v
3Z$_kºgs
X
l® nNauni
X
[\bcÔ¡dbe,pgfuhLng[­öl
|
hLnﬀh
|
¨gami
|
h
|
w%®hjfcdg[lﬃbgf§C§§§«§§,§§«§§§«§§«§§«§§§,§§«§§«§§§«§§«§§,§§ U
ÊÊÓhqì	iÔðﬀj
]  
#   
	 

-$ﬁ#	ﬂ*ﬀ}$&	-
lb\%pgfm[z ¨gaulfulLauxhjfysrwgskir[\%sNh
|
[oljöik[n \-l
v
[fufm[
v
 aui
X
sk amitx
X
¡¢fuac©j[oaunbir[
|
hLxikamlbnqs%¨[iª [[n(i
X
[
®h
|
ach¨gfu[sºacnLLlfu;aungIskir[Up °dqnqxiraulLnqs§¬Sl
|
[zqh\%pgfu[ºstdqx
X
h ¨[
X
h;amlbd
|
acnblfu;aunqIi
Xq|
[s
X
lLf
v
s
X
hs¨S[[n"s
X
l® n
|
lb\ﬃhn[zqpS[
|
au\-[UnLithjf/pSlacnbilj;au[  aun[Un$#wg\%hjikaux-l
|
L[ng[iracx%ng[iª }l
|
©;s«acn
i
X
[%\l
v
[fÃºZi
X
[
|
hir[elGp
|
l
v
dqxikamlbnlj/i
X
[%[n$#wg\[ ]°l
|
L[ng[ﬂ_}acslöir[Un
v
[Uskx
|
ac¨[
v
¨bwh+skauL\-la
v
°dnqxikamlbnZºqskdx
X
i
X
hjiyi
X
[aufuf¥°dqnqxikamlbn ] _ﬀﬁﬃﬂ=] ﬃﬂ"!#$ﬂ=_tºg 
X
[
|
[­i
X
[«i
Xq|
[s
X
lLf
v
acs%q§&¯×&
acsfch
|
[Lºqi
X
['°dqnqxiraulLnacsskac\aufch
|
iklh5skir[Upo°dqnqxikamlbnZ§
WX
[e[nq[
|
hjf»[U¦bdhjiraulLnslj#i
X
[\-l
v
[fxhLn
¨S[ 
|
amikir[nﬀhLs\]Ãx!§Q ,S _' (&)
*
,+
*
]
(
_.-0/
*
(
* 1
 24334356 ]r_
 
X
[
|
[i
X
[
|
[fchjikamL[
v
[
|
h
v
hjikamlbn
|
hir[7/
*
lji
X
[oxlL\%pSlLng[UnLi
(
*
acsxlLnqskikhLnLi-plbsrauirau[Lº/hn
v
i
X
[
p
|
l
v
dqxiraulLn
|
hjik[N°dqnqxiraulLn8+
*
v
[Up[Un
v
slLni
X
[96 xlL\%plbng[nbits
(
 ]
(
f:3433;
(
<
_k§

[ﬀhststdq\-[
i
X
hji=+
*
h
|
[+pgau[x[ acsr[oxlLnsrithnbiepSlLskamikamL[5°dqnqxiraulLnqs- 
X
lbsr[+®hjfcdg[s-x
X
hnq[hLsei
X
[+®h
|
ach¨gfu[s
(
*
x
|
lbsksk[s,x[
|
ithjacni
Xq|
[s
X
lf
v
s ]Ãx§Ni
X
[N\-l
|
[Np
|
[Uxacsr[
v
[Uskx
|
acpgiraulLn¨S[ful® \_k§
WX
acssrwgskir[\
X
hs¨S[[Un
 a
v
[fmwskikd
v
au[
v
auni
X
[-fuamik[
|
hjikd
|
[Lº¥\%haungfuwﬀauni
X
[
|
h\-[ }l
|
©l/[Ung[ikaux-ng[iª }l
|
©;sR]¢x!§ Q ]SºL S _k§
¯n°hxiº»aui«aushﬀpgau[x[ acsr[-fuaung[Uh
|
v
am£9[
|
[Unbirachjf/skw;skir[U\.ljyhoph
|
iracxdgfch
|
©baun
v
ºhn
v
i
X
[
v
wgnqh\-acxhjf
¨S[
X
hbaulLd
|
lji
X
[®h
|
ach¨gfu[s5aun([hLx
X
lji
X
[C¨lzg[sN¨S[iª }[[Un i
Xq|
[s
X
lLf
v
s%acsskac\-pqfm[i
X
[
|
[öl
|
[º
i
X
[
v
[Uskx
|
acpgikamlbn lji
X
[¨[
X
h;amlbd
|
xhn ¨[Cfmacnq©[
v
irl?>}l;lLfm[Uhn hdgiklL\%hjithqºyacnLLlfu;aung@>yl;lfu[hLn
®h
|
ach¨gfu[s ]¢xl
|k|
[stplbn
v
acngﬀirli
X
[xlbnbiracnbdqlLdqs«®h
|
ach¨gfu[N¨[fml®  l
|
hL¨l®L[%i
X
[5i
Xq|
[s
X
lf
v
_k§ Mhnbw
lLi
X
[
|
p
|
lL¨qfm[U\-s,h
|
acsr[ehLn
v
hfmlLilj/acnbir[
|
[Usrikaung+ l
|
©
X
hLs¨S[[n
v
lLnq[eacni
X
acs
v
lL\%haun ]°öl
|
\-l
|
[
v
[ikhamfcssk[[ Q gº»ﬀS"_t§
¬
|
lb\
h5\%hi
X
[U\-hiracxhfpSlacnLi­lj#;am[ ºSi
X
[sk[eskwgsrik[\%sh
|
[
v
a¤£¥[
|
[nbirachjfsrwgskir[U\-s ami
X
v
acskxlLn;¡
ikaun;dglbdqs
v
w;nh\-auxsº;hn
v
lLng[­ljZlLd
|
LlLhjfcs#acnNi
X
aus}pqhpS[
|
acs/irl-s
X
l® (i
X
hjii
X
[,xlbnqx[UpgiGl»¬aufuaupqpSl®
sklfcdgikamlbnqs ]Q
%
S _­xhLn"xfch
|
a¤öwhn
v
\%h©[%[hskau[
|
i
X
[sritd
v
wljskdx
X
srwgskir[\%sº>acnpqh
|
iracxdqfuh
|
lji
X
[
¨S[
X
hbaulLd
|
lbni
X
[i
X|
[Us
X
lLf
v
pgfchng[Us§
A
[iGdqs/aunbi
|
l
v
dqx[srlb\[nqlikhiraulLnqs4> }[hststdq\-[}i
X
hjiºöl
|
[hLx
X
®h
|
ach¨gfu[
(
*
º
1
 334356oi
X
[
|
[
h
|
[CB
*
i
Xq|
[s
X
lf
v
s
D8
f
*
DE3433DFHGJI
*
DK!ML
 
X
aux
X
v
am;a
v
[,i
X
[«plbsrauirau[«xlbng[MNOP
(

(
*Q
R
1
 24334356ﬀS«aunbirlBT ]B
f
! ﬂ_R3343	]B
<
! _
¨Slzg[sºlj
v
ac\-[nqskaulLnU6#ºLsr[Upqh
|
hjik[
v
¨bw«i
X
[\]6V-N_°¡
v
ac\-[nqskamlbnqhjf
X
wgp[
|
pgfchnq[s
(
*
ﬁﬃW
*
§

[hststdq\-[
i
X
hji,i
X
[X+
*
h
|
[%xlbnqskikhnbi,plbsrauirau[-lLn[hx
X
¨lzZ§
WX
[®hjfcdg[Us«ljY+
*
v
am£¥[
|

|
lb\ ¨lzikl¨lzZº»skl
i
X
hjiskwgsrik[\ ]k_/acsh%pgam[Ux[ ausk[fmacng[Uh
|
]
{"A
_/skw;skir[U\o§#¯n+L[xirl
|
nglLikhiraulLn ]r_
|
[ 
|
auir[syhLs
(
)
E+ ]
(
_J-0/
(

([Z
N\+[N]_^
<
 ]¢=_
 
X
[
|
[=+? ]`+
f
433435a+
<
_hLn
v
/b
v
achj ] /
f
43335'/
<
_tº> 
X
[
|
[
v
achjﬀacs«i
X
[
v
auhlLnhjf#\%hji
|
amz¨qdgaufmi
lbni
X
[[Uxikl
|
§
¯nﬀp
|
hxiracx[ ]¢N_/ljöir[UnoaunblLfmL[,skir[Up5°dnqxikamlbnqshn
v
acsyau[Un+hLs
(
)
Kc ]d!]
(
_ _.-0/
(
 ]
%
_
e
ÌÊ
e
Í
 	
	 	ﬀﬁﬂﬃ	 !ﬁ"#$
L
 
X
[
|
[Cc 2^
G
 
G
] ^
<
acslj&xfchsts
	
f
ºhLn
v
d!]
(
_  ]d
f
f
4333Jad G

f
4333Jad
f
<
3343;ad
G 
<
_a d$W
*
a]
(
*
ﬃW
*
_
­[
|
[a] 'N_/ausi
X
['skir[Up5°dqnxiraulLn
a]N_ 

 am  DF
 am F
¯ni
X
[,aunbik[
|
aml
|
lj[hx
X
¨lzZºbi
X
[«¨[
X
h;amlbd
|
ausfmacng[Uh
|
hn
v
srac\%pgfm[;i
X
[«p
|
lL¨gfu[\%s}h
|
ausk[lLni
X
[
sk[ph
|
hjiracng
X
wgp[
|
pqfuhLng[s§¯nCpqh
|
iracxdgfch
|
ºSh
v
[ﬀ&9ngamikamlbnacs­nq[[
v
[
v
öl
|
i
X
[skaunqLdgfch
|
srik[h
v
wﬀpSlacnbiks
fulgxhir[
v
lLn+i
X
[i
Xq|
[s
X
lf
v
s\]¢¨[Uxhdsr[i
X
[[Uxirl
|
&[f
v
ausnglLi
v
[ﬀ&9ng[
v
lLn+i
X
[sk['skd
|
°hx[s	_k§
W
 }l
v
am£9[
|
[Unbi­\-[i
X
l
v
s }[
|
[
v
[[fmlbp[
v
öl
|
i
X
[skikd
v
wﬀlj/i
X
[skikhjikamlbnqh
|
w+pSlacnbiks 
X
aux
X
h
|
[
fulgxhir[
v
lLni
Xq|
[Us
X
lf
v X
w;pS[
|
pgfchng[Us§
WX
[&
|
ski\-[i
X
l
v
Q¤Sdsr[UsefulLauxhjfG®h
|
ach¨gfu[sº& 
X
aufm[oi
X
[
sk[xlLn
v
\-[i
X
l
v
Q ;º$`TSdqsr[Usyh-xlLnbiracn;dglLds
X
lL\-lfulLlLdqs}srwgskir[U\ lji
X
[
{"A
skwgsrik[\ ]¢sr[['_;[xikamlbn]
öl
|
srlb\[
v
[ikhjaufcsﬀ_t§¬Sl
|
[zqhL\-pqfm[LºZi
X
[=aufuf#°dqnqxiraulLn@ ] R _  ﬃﬂ2=] ﬃﬂ! $ﬂ=_hLpqp
|
lLhLx
X
[s­i
X
[
skir[Up°dqnxiraulLn  
X
[n# ] !ML §"¯ªi yhsljöik[nIdqsk[
v
irl
v
[ﬀ&9ng[+xlLnbiracn;dglLdqs
X
lb\lLfmlLLdg[Us'li
X
[
{"A
srwgskir[U\ Q¤º¥;ºS]S¢§
O
i
X
[
|
°dnqxikamlbnqs\%hwﬀ¨[edsr[
v
ºSfuac©j[i
X
[efullLa
v
°dqnxiraulLn Q ,S×§
WX
[eskwgsrik[\
¨S[xlL\-[sngl®  hnl
|
v
aunqh
|
w
v
am£9[
|
[UnLikauhfG[U¦bdhjiraulLns' aui
X
xlLnbiracn;dglLdqs
|
au
X
i
X
hn
v
ska
v
[º#hn
v
i
X
[
skir[Uh
v
wplLaunbits'h
|
[
v
[ﬀ&9ng[
v
acn"i
X
[+dqskdhjf/ yhw§7>ydqi' 
X
[nlbng[xlb\-[s«irli
X
[5fuac\aui'lyi
X
[skir[Up
°dnqxikamlbnqsºLami#acs#nglLi/srlskau\%pgfu[irl«lL¨qikhjacn
|
aul
|
lbdqs
|
[stdgfuiks&lbni
X
[skir[h
v
wepSlacnbiks#hn
v
i
X
[a
|
nqhikd
|
[§
Ml
|
[l®[
|
º®lbng[
|
[U\-haunqaungp
|
lL¨qfm[U\ acs#i
X
hi#lj¥i
X
[¨S[
X
hbaulLd
|
lj¥i
X
[skwgsrik[\ lbn-i
X
[i
Xq|
[Us
X
lf
v
X
wgpS[
|
pgfuhLng[s]ÃhLn
v
°h
|

|
lL\ heskir[Uh
v
w%srithjik[_k§&¯n5°hxiº;i
X
[­fmauir[
|
hikd
|
[lbn5srwgskir[U\ ]×=_&aus}xlbnqx[
|
ng[
v
\%haungfuwﬀ ami
X
i
X
[nglbn;¡ªsracngLdqfuh
|
sklfcdgiraulLnqs2]° }[xhjfufnglbn;¡ªsracngLdqfuh
|
srlLfudqiraulLnqs
(
]_}l ]¢=_sklfcdgiraulLnqs
acn% 
X
acx
X
öl
|
[Uhx
X
1
º
(
*
]_ﬀ ﬃW
*
lbngfuwhjiGausklfchjik[
v
®hjfcdg[s#l_k§
WX
[p
|
lL¨qfm[U\ ljZi
X
[¨S[
X
h;aulLd
|
lbn
i
X
[i
X|
[Us
X
lLf
v
X
wgp[
|
pgfchnq[s]Ãxhjfufm[
v
 }hfmfcs&aunPQ ,S _»ausGngli/xfm[Uh
|
fmw'[fudxa
v
hjik[
v
Li
X
acsGp
|
lL¨qfm[U\ hpqpS[h
|
s
am/i
X
['i
|
h®~[Uxirl
|
au[shpqp
|
lLhLx
X
i
X
[e yhjfufZ
|
lL\¨lLi
X
ska
v
[s2]Ã¨gfchx!© }hfmf"_k§
.
[noam/i
X
[i
|
h®~[Uxirl
|
waus
 }[fuf
v
[ﬀ&9ng[
v
hn
v
x
|
lLstsr[Us/i
X
[« }hfmfZhjiyh-plLaunbi} 
X
[
|
[­lbng[,h
|
ach¨qfm[­lLngfuwNausyhi}i
X
[,i
Xq|
[s
X
lf
v
]Ã[§ §
i
|
hLnqstpqh
|
[nbiy }hfmfcsyacn Q TS"_tºShN\-l
|
[xlL\%pgfu[zﬀ¨[
X
h;amlbd
|
xhnolgxxd
|
aunoi
X
['acnLik[
|
sr[Uxikamlbn+liª }lNl
|
\-l
|
[«i
X|
[Us
X
lLf
v
X
wgp[
|
pgfchnq[sº;hLn
v
i
X
['sklfcdgikamlbn+xhno¨['skaunqLdgfch
|
acn+i
X
acsxhLsr[hjfcskl§
WX
['hau\ lji
X
acspqhLp[
|
ausikl5sritd
v
wskwgsrik[\ ]¢=_GhLn
v
irl
v
[Uskx
|
ac¨[«auiksskacngLdgfch
|
sklfcdgiraulLns§
O
d
|
hLpqp
|
lLhLx
X
 aufmf¨[ikldqsk[i
X
[¬&aufmacpqpSl®osklfcdgiraulLnsylj/h
v
austxlbnbiracnbdqlLdqs
v
a¤£¥[
|
[nbirachjf>[¦;dqhjikamlbnqsqi
X
[
v
[ﬀ&SngauiraulLneljqi
X
[sk[}sklfcdgikamlbnqs>[Unqh¨qfm[Us>ikl
v
[ &Sng[yh®öik[
|
 }h
|
v
sºUaunhxfu[h
|
hLn
v
[Uhskw, yhwºi
X
[}skacngLdgfch
|
skir[Uh
v
w+plLaunbikshLn
v
srlLfudqiraulLnqs§
WX
[pqhLp[
|
ausyl
|
bhngacsk[
v
hLs}ölfufml® s§¯n_b[UxiraulLnﬀgºg }[
v
[stx
|
ac¨[«i
X
[,i
|
hLnqskamikamlbn5
|
hp
X
hstskl;xa¤¡
hir[
v
ikl,i
X
[
{ A
skwgsrik[\ ]×=_k§¯n5_b[xiraulLn
%
 [
v
[ &Sng[i
X
[
{ A
srwgskir[\lLni
X
[yi
Xq|
[Us
X
lf
v
pgfchnq[s#hn
v
 }[%xlLnsra
v
[
|
auikssklfcdgiraulLnqs­acni
X
[Nsr[Unqsr[lj}¬aufuaupqpSl®¥§'¯n_b[xiraulLn]o }[
v
acstxdqsts,i
X
[
|
[Ldqfuh
|
hn
v
skacngLdgfch
|
skikhjikamlbnqh
|
wNplLaunbits}hLn
v
 }[«xfch
|
a¤öw5sklL\-[
|
[Uskdgfuiks}acni
X
[,fmauir[
|
hikd
|
[§G_b[UxiraulLn
L
amfufudsri
|
hir[s
lbd
|
hpqp
|
lbhx
X
lbn sklL\-[ﬀ[zqh\%pgfu[s% 
X
aux
X
 [
|
[ﬀxlbnqska
v
[
|
[
v
¨bw sk[L[
|
hjfyhdgi
X
l
|
sy }[s
X
l® 
i
X
[
hLpqpgfuauxh¨gaufuamiªw5li
X
['hpqp
|
lbhx
X
hLn
v
amitssrac\%pgfuauxamiªw+irlNsrlLfmL[dqn
|
[sklfu[
v
p
|
lL¨gfu[\%s§
ÊÊÓhqì	iÔðﬀj
Z  
#   
  
 »$&,$ $&ﬁ#'ﬀ!$&	20ﬁ#'

A
[i
*
Z
Q aB
*
S¢º
1
 334356¨[acnbir[L[
|
s§Glbnqsra
v
[
|
i
X
[ ]°lbp[Un _ 6¥¡ª¨lz




		


  P
( Z
N 2

I
*
D
(
*
D8

I

f
*

1
 243335'6ﬀS ]°]$_
 aui
X
i
X
[5skpS[xauhf&xhsk[s«
(
*
D
f
*
 
X
[n
*
 +hLn
v
 G I
*
D
(
*
D !ML  
X
[n
*
 B
*
§
WX
[
®hfudg[«l+aunoi
X
aus¨Slzacs
v
[nqlir[
v
¨Lw + l
|
+

		


§
/1
²;¶9U²$
'
 ﬁ=#ﬀﬂﬁﬃ aﬁﬂNB	# $ﬁ#
(
]_
#"!#ﬀ%$&ﬃ 	ﬁ"'!(*)
(
] ,+ﬂ_
Z
# 
(
]_ﬀ.-

!5]
(
]  + _;-/-

_Ã[02143ﬂ5
6738  ]
L
_
9Nﬀ
-:bﬁ/
6
f
+;

!
-:
Z
 ﬁ=	
(
.-:
2 (=<?>ﬁd#ﬁ"(  ﬁd@	 Rﬀﬁ ﬂﬁ#
(A>$#ﬁ^#"!
ﬀ%$ﬃ
;
 #3#"!
¯ni
X
[,¨lz

º]×=_
|
[
v
dqx[UsGiklei
X
[fuaunq[h
|
skw;skir[U\
(
)
E+7-/
(
§
WX
dqsºbi
X
[«srlLfudqiraulLnqsh
|
[
LamL[n+¨LwP]
L
_t§
 X
[n ﬀ] !ML º
(
] _ﬀ]B-:ºqdqnbirauf
(
]_&[Unqxlbdqnbir[
|
s}i
X
[«¨SlLdn
v
h
|
wNlji
X
['¨Slz

§
 X
[n-:
Z

ºqi
X
[n
(
C-:Iacsh%skikh¨qfm[ngl
v
[la]×=_k§
WX
[sklfcdgiraulLnseLamL[n ¨bw ]
L
_h
|
[oxd
|
L[sl
|
amLaunhjir[
v
hji
(
]
+
_'hLn
v
xlLnb[
|
Laungirl® yh
|
v
-:yº
xhjfufm[
v
i
X
[-öl;xhjf#pSlacnLi«l¨lz

Q¤jº>,S×§

[%lLngfuwxlbnqsra
v
[
|
i
Xq|
lLdg
X
lLdgi­i
X
[NpqhLp[
|
i
X
[%[Ung[
|
acx
xhsk[ 
X
[
|
[i
X
[%ölgxhjf/pSlacnbiD-:
v
lb[Usngli«fuam[%lbni
X
[%i
Xq|
[s
X
lf
v
X
wgpS[
|
pgfchng[Us­ 
X
aux
X
xlbnqsrikamitdgir[
i
X
[¨SlLdn
v
h
|
wolj

§
WX
[e°hx[sr[Upqh
|
hjikaungiª lh
v
~rhx[nbi 6¥¡ª¨Slz;[Us aufmf#¨S[xhfmfu[
v
hP] 6 - ﬂ_°¡ª¨lz
l
|
h% }hfmf¢§
/1
²;¶9U²$
.C
!
+
*
DF/
*


I
*
 ﬂ ﬁ",E	3ﬁ #  \F ﬁ=ﬂﬁ ﬀ # N ﬁd	 G) ﬁ=R 
(
*
ﬁ

I
*

 H3*) ﬁ=I#&J
;
'<; ﬀ(K  !
+
*
8/
*


I

f
*
 
ﬂ ﬁLE		ﬁd# ﬀ # ﬁﬂNﬁ R	# Nﬁ 	 G) ﬁ=
 ﬂ
(
*
ﬁ

I

f
*
  =H,G) ﬁﬂNM#
;
 #3#"!
_gdqpqpSlLsk[i
X
hjiY+
*
D8/
*


I
*
hLn
v
i
X
[i
|
h®~[Uxikl
|
w
(
]_&¨S[fulLnqLs/iklei
X
[ yhjfuf
(
*
ﬁ

I
*
hji/ikau\-[
,+§
WX
[n
(
*
],+_.-/-:
*
 5hLn
v
º¥hxxl
|
v
acng%irl@]
L
_kº9i
X
[exlb\-pSlLnq[nbi
(
*
] _}lj
(
]_acs
v
[x
|
[hLsracngS§
WX
dqs
(
*
]_ DF

I
*
öl
|
  
+
ºqi
X
hiausºqi
X
['srlLfudqiraulLn
(
] _fm[Uh[s}i
X
['¨lzZ§
WX
['p
|
l;ljausskac\aufch
|
acn
i
X
[li
X
[
|
xhsk[§
¯× 

I
*
D,+
*
ﬃ/
*
D 

I

f
*
ºShjfuf>i
|
hj~[xirl
|
au[syacn

i
X
hih
|
[[nxlLdnLik[
|
aunqNi
X
[' yhjfufcs
(
*
E

I
*
l
|
(
*
K

I

f
*
[UnLik[
|
i
X
[«¨Slz


|
lL\ i
X
[sk[, yhjfufcs§ﬀl® }[L[
|
ºLi
X
[«i
|
h®~[Uxirl
|
au[s}xhLnfu[hL[i
X
[¨lz


|
lL\ hnglLi
X
[
|
 }hfmf¢§
¬Slfufml® acng
{
fch
X
ir[,[ihfÃ§ Q ,S×ºqhe yhjfuf»sr[Upqh
|
hjikaunqeiª }l%¨Slzg[s} aufmf»¨S[xhjfufu[
v
h-¨qfuhLx!©% }hfmf ]
|
[stpZ§
h- 
X
auir[ yhjfuf"_&am&i
|
h®~[xirl
|
au[s}fu[h[ ]
|
[stpZ§#[UnLik[
|
_/¨lLi
X
¨lzg[Us}
|
lb\ i
X
[ yhjfuf¢§¯ªi aufuf>¨['xhjfufm[
v
h
i
|
hLnqstpqh
|
[nbi} }hfmfZami
|
hj~[xirl
|
au[s}[nbir[
|
lLng[¨Slz5
|
lL\ i
X
[ }hfmf»hLn
v
fm[Uh[,i
X
[lLi
X
[
|
¨lzZ§
O
ng[5xhnxlbnqsri
|
dxii
X
[5srithjir[Ni
|
hLnqskamikamlbn
|
hLp
X
Q¤º,S/öl
|
srwgskir[\ ]¢=_tº 
X
aux
X
acs'h
v
a
|
[xir[
v

|
hLp
X|
[p
|
[sk[nbiracng5i
X
[%pqhstskh[lGi
X
[i
|
h®~[Uxirl
|
au[s
|
lb\lLng[-¨lzirl+i
X
[%h
v
~rhx[Unbi­¨Slz;[Us§
W
l
[Uhx
X
¨Slz+acshstskl;xauhir[
v
h%L[
|
ir[zZ§
W
lN[Uhx
X
 yhjfufONsr[Upqh
|
hjikaung%iª }l5h
v
~rhLx[UnLi¨Slzg[s

f
hLn
v

c
acs}hstsrlgxachjik[
v
h
v
a
|
[Uxir[
v
[
v
[,xlLnng[xiracngei
X
[­L[
|
iracx[Usxl
|t|
[UskpSlLn
v
aungikli
X
[«¨lzg[s

f
hLn
v

cj§
e
ÌÊ
e
Í
 	
	 	ﬀﬁﬂﬃ	 !ﬁ"#$

¯× N acs¨gfchx!©9ºSi
X
[Uni
X
[
|
[ausiª l[
v
L[s¨S[iª }[[Un

f hn
v 
cacni
X
[ei
|
hnsrauiraulLnﬀ
|
hLp
X
§y¯× N aus
i
|
hLnqstpqh
|
[nbi]
|
[Uskp»§ 
X
amik[_kºi
X
[Uni
X
[
|
[­acsylLnq[­[
v
[ ]
|
[stpZ§#ngl-[
v
L[_/¨[iª [[n

f hn
v 
c,aun+i
X
[
i
|
hLnqskamikamlbn
|
hLp
X
]Ã¬auLs§
%
ºg]Sºqhn
v
L
_k§
¯×N acs5i
|
hLnqskph
|
[nbiºyi
|
h®~[Uxikl
|
am[UsNaun

fﬀhLn
v 
c xhLn ¨S[N~lacng[
v
aun h sracngfu[xlLnbiracn;dglLdqs
i
|
hj~[xirl
|
w+sthjikausröw;aunqi
X
[
{ A
srwgskir[U\+§­¯ni
X
[lLi
X
[
|
xhLsr[LºS 
X
[n Nacs­¨qfuhLx!©+l
|
 
X
auir[Lº¥i
X
[
|
[aus
nql5aun
v
auxhjikamlbnﬀlj
X
l®  hNsrlLfudqiraulLnxhLn¨[-xlbnLikaun;dg[
v
§y¯× N aus­¨gfuhLx!©9ºi
X
[nng[Uh
|
i
X
[e yhjfufhfmfi
X
[
sklfcdgikamlbnqsh
|
['hpqp
|
lbhx
X
acng-ami
|
lL\
¨lLi
X
ska
v
[Ushs Gacnqx
|
[hLsr[UsºqhLn
v
nglbng[lj&i
X
[U\
xhnofu[h[IN §

srlLfudqiraulLnN 
X
acx
X
phstsr[Us/i
X|
lbdg
X
hplLaunbilj»i
X
[­ yhjfuf N`hi
 ,+­ aufmf¥i
X
[
|
[öl
|
[
|
[\%hjacnNlbnFN
öl
|
   + dqnbikamfami
|
[Uhx
X
[Usi
X
[¨SlLdqn
v
h
|
w+l N §¯× Nacs 
X
auir[LºSi
X
[nCh5sklfcdgiraulLnﬀ 
X
acx
X
pqhLsksk[s
i
Xq|
lLdg
X
hoplLaunbi«ljGi
X
[% }hfmf N2hi    + \%hw[aui
X
[
|
lolj£i
X
[- yhjfuf N2acnbirloi
X
[N¨Slz

f l
|

cjºgl
||
[\%haunlLn N`öl
|
   + §&¯n+i
X
[,fchjir[
|
xhsk[i
X
[srlLfudqiraulLn\%hw%l-lj£ Nhi}hLnbw5\lb\-[nbi§
O
n+ 
X
auir[ yhjfufZi
X
['\-lLiraulLn+ausi
X
[
|
[öl
|
[dqnsrith¨gfu[§

X 	
	 	-*+$&	ﬀ.	e $


W
 >$­3
¯n-i
X
ausGsr[UxiraulLn }[
v
[stx
|
au¨S[yi
X
[xfuhLskskacxhjfqxlLnqx[pgi&l9¬&aufmacpqpSl®sklfcdgiraulLnqs&acn-iª lxhsk[sº
v
[stx
|
ac¨gaunq
h%\-likamlbn+hfmlbngNh- }hfmf
] &
|
skixhLsr[ﬂ_/l
|
hjfulLng%i
X
[aunbik[
|
sr[UxiraulLnlj&iª l% yhjfufus ]¢sr[UxlLn
v
xhsk[_t§
W
l5p
|
l®ba
v
[,i
X
[[zgauskir[Unqx['hLn
v
i
X
['pSlLstsrac¨gaufmauiªw5öl
|
srlLfudgikamlbnqsyirl5¨S['xlbnbiracnbdq[
v
lLnﬀ¨lLi
X
¨gfchx!©
l
|
 
X
amik[ yhjfufusº¥ami,acs,nq[x[Usksth
|
woirl
v
[ﬀ&Sng[%i
X
[
|
au
X
i¡
X
hn
v
sra
v
[-ljskwgsrik[\ ]rﬂ_yhi­i
X
[sk[-pSlacnbi­l
v
austxlbnLikaun;dgauiªw§
WX
[eskau\%pgfu[ski }hw+irl5hLx
X
am[[«i
X
ausacsi
X
['xlbnb[z
v
[ﬀ&Snqamikamlbnﬀlj&¬aufuaupqpSl® Q
%
S×§
A
[i(0Z
N º9 
X
[
|
[N acs­h¨gfuhLx!©@]Ãl
|
 
X
amik[_ yhjfufsk[ph
|
hjiracngNi
X
[¨Slzg[s

f
hLn
v

cL§­lLnsra
v
[
|
i
X
[
fuacng[h
|
sk[L\-[UnLiG~lacngacngi
X
[e[Un
v
pSlacnLitsl/i
X
[-[Uxikl
|
s +

-@/
(
hLn
v
+%-@/
(
§
WX
aus«sk[b\[Unbi
acnbir[
|
sk[xii
X
[
X
wgpS[
|
pgfchng[,xlLnbithjacngaunqi
X
[« }hfmf N)]Ã¬au§¥ﬂ_kºgi
X
[,acnbir[
|
sk[xiraulLn5acs}i
X
[«[Un
v
pSlacnbi}l
i
X
[[Uxikl
|
+
	 -#/
(
 
X
aux
X
v
[ir[
|
\-acng[syi
X
[[fmlgxauiªw5l&\-likamlbn
(
)
K+
	
-#/
(
]"ZN_
lbni
X
[ yhjfuf N §_;dqx
X
h%srlLfudgikamlbnacsxhfmfu[
v
h
ﬀ *) < #ﬂﬁ#
§
O
n-[hLx
X
¨gfuhLx!©l
|
 
X
amik[ }hfmf7N fuw;aungacn%i
X
[
X
wgpS[
|
pgfchng[ N W
*
 P
( Z
N 
(
*
 $W
*
SLºL[¦;dqhjikamlbn
] ZN_
v
[ﬀ&Snq[s&hskfma
v
acng­\-lLiraulLnZ§/_bacnqx[i
X
[yxlbnqsrithnbi>L[xirl
|
+
	
acn ]"Z$_
v
[Up[Un
v
slLnMN º®i
X
[
|
[stdgfmikaunq
skwgsrik[\ lbn N W
*
acsh ] 6- ﬂ_°¡
v
ac\[Unqskamlbnqhjf
{ A
skwgsrik[\ li
X
[«öl
|
\
(&)
 b2W
*
]
(
_J-0/
(

([Z
N W
*
 b2W
*
N W
*
] ^
<
6
f

 
X
[
|
['i
X
[%\%hpqpqaung b
W
*
acs­pqam[Ux[ acsk[xlbnqskikhnbi§
WX
acs
{"A
skw;skir[U\ acs,srac\-amfch
|
irlskwgsrik[\ ]¢N_kºZhn
v
xhn%¨S[sritd
v
au[
v
¨bwei
X
[sth\-[\-[i
X
l
v
sº
X
l® }[[
|
ami/acs#lbngfmw
v
[ﬀ&9ng[
v
lbn-¨qfuhLx!©'l
|
 
X
amik[ }hfmfcs§
WX
[
i
Xq|
[s
X
lf
v
X
wgpS[
|
pgfchng[Us
(
*
,
W

*

º 
X
[
|
[
1
)

1
hn
v
)
33435'B
*
sk[ph
|
hjir[«i
X
['xlbng[ N
W
*
aunbirl
B N]B
*
!ﬂ_&¨Slzg[s/l
v
ac\-[nqskamlbnX6=-CL§
WX
[sk[2]6-"ﬂ_°¡ª¨lzg[sh
|
[i
X
[­ yhjfufus}sk[pqh
|
hiracng'h
v
~rhLx[UnLi
6¥¡ª¨Slz;[Usljskwgsrik[\ ]¢=_t§
WX
[sklfcdgiraulLnsljB]"Z$_,h
|
[5xd
|
L[s'xlLnb[
|
Launqoikl® }h
|
v
i
X
[5ölgxhfpSlacnLi
-
	
K/
6
f
+
	
§
ÊÊÓhqì	iÔðﬀj
`  
#   
/1
²;¶9U²$
8 
  <  ﬁ=ﬂﬁ
N
@ ﬁﬂN G(>N	%> 
N W
*

N
	 g #P9 ;ﬁ   ﬁﬂNﬁ 
]`+
 
*
-#/
*
$W
*
_]`+


*
-#/
*
$W
*
_ D(7;
= #!ﬀﬁ  ﬁ H	ﬁd#
+
	
 ﬀﬃ  )'Hﬀ 
(
+
	
	ﬀ+


! ]kV-
 _`+
 
 #
+

*
-#/
*
$W
*
+
 
*
- +


*
 ]× _

N?!ﬀ#, >N# ﬁ
-
	
 ﬁ=  ﬁdﬀ	3ﬁ# #"! ﬁﬂN   ﬀ%)2< 	 ﬁ
-:

-: 

;ﬁﬂ ﬁ=F@(>$ﬀ%>   
N W
*
-
	
EN W
*
xlLnb ]%-


-
 
_
 #3#"! WX
[­sr[L\-[nbi¥~lacngacng'i
X
[[n
v
plLaunbits/ljZi
X
[[Uxikl
|
s +

- /
(
hn
v
+5- /
(
ausG[zqp
|
[stsr[
v
¨bw
ﬀ+


! ]kV-
 _`+

-#/
(
 M  
WX
[®hjfcdg[,ljaun ]×=_acs/ölbdqn
v

|
lb\
v
[­xlbn
v
auiraulLn +


*
! ]r - _`+
 
*
-7/
*
ﬃW
*
' 
X
aux
X
\-[Uhnqs
i
X
hjii
X
['L[xirl
|
+
	
- /
(
ausaunﬀi
X
[
X
wgp[
|
pgfchnq[
(
*
K$W
*
§_bacnqx[ ]+
 
*
-0/
*
ﬃW
*
_]+


*
- /
*
$W
*
_"D qº
lbng[
X
hsyi
X
hjiDbDQ§#¬
|
lL\ ]× _/lbng[
X
hsyi
X
hji
-
	
 -


!5]r - _L-


 =D?D 
WX
dqsº -
	
ausi
X
[acnLik[
|
sr[Uxikamlbnli
X
[fmacng[h
|
sr[L\-[nbi -:

-:

 aui
X
i
X
[
X
wgpS[
|
pgfchng[UN W
*
§
A
[i/dqs#ngl® 
v
[stx
|
au¨S[yi
X
[L[fulgxauiªwljZ\lLiraulLnhjfulLngh] 6-%N_°¡ª¨lz 
X
aux
X
acs&i
X
[acnbir[
|
sk[xikamlbn
l>iª }li
Xq|
[Us
X
lf
v
X
wgp[
|
pgfchnq[s§
WX
ausy¨Slzaus}i
X
[xlL\%\-lLn5°hx[,l»ölLd
|
6¥¡×¨Slzg[s

f
º

cº

e«hn
v

]°¬&au§N_k§
A
[i
( Z
%§#¬lfuful® aungPQ
%
S×ºg ['xlLnqska
v
[
|
i
X
['st\%hjfufm[UsrixlLnb[z+sr[i
ﬀ
]
(
_ xlLnb ]+


-0/
(
a+


-0/
(
a+
ﬂﬁ
-0/
(
a+
ﬃ
-0/
(
_
xlLnbikhaunqaungﬀi
X
[5[Uxikl
|
sU+
I
-8/
(
º
1
ﬃNirl]S§¯n"L[ng[
|
hf#i
X
[5acnbir[
|
sk[xiraulLnlj
ﬀ
]
(
_­hLn
v
i
X
[
]6[- =_Ã¡
X
wgpS[
|
pgfuhLng[xlLnbikhaunqaung
v
l;[Us,nqli«xlLnsracsri,ljlLngfuwlLng[%pSlacnLi§e¯n[nq[
|
auxxhsk[sºZi
X
aus
acnbir[
|
sk[xiraulLn+aush%fuacng[h
|
sr[L\-[nbil
|
acs[U\-pqiªw§/¯×#auiaus[U\%pgiªw+i
X
[noi
X
[
|
['h
|
[ngl5srlLfudqiraulLnqsyfuw;aung
lbn%§#¯×&auiausnglbng[\%pgiªw+i
X
[UnolLng[«lL¨qikhjacnqsh
v
am£9[
|
[Unbirachjf»acnqxfcdqskamlbn
(
)
] _
Z
+! -#/
(
]_' ]"`N_
 
X
aux
X
v
[ik[
|
\-aung[Usi
X
[[fulgxauiªwNlj#\-liraulLnohjfulLnq"%§
/1
²;¶9U²$
-# 
  < 2ﬁ=ﬂﬁ

R ﬁ=
]6 -IN_%$
'< 	$ #  @(>$ﬀ%>   
N W%&
*('
 P
( Z
N 
(
*

$W
*

(
'
 
&
'
S ;)
N ﬀ3ﬁ
+
 
 ﬀ+* ﬃ #!ﬀﬁ #L! O>N# ﬁ
 f+

!
c
+

!	
e
+ﬂﬁ !

+ﬃ
 
9Nﬀ2ﬁ=

*
2ﬁ=>N# ;ﬁ'H2ﬀ#ﬂ  $ﬁ"#$2#"!BﬁﬂN2  B
(Tﬀﬁ &<

f !,
c
!,
e
!-

 2

f
+


*
!,ﬃcﬃ+

*
!- eﬃ+

ﬁ
*
!,

+

ﬃ
*
K/
*
ﬃW
*


f +


'
!,
c
+


'
!-
e
+
ﬂﬁ
'
!,

+
ﬃ
'
K/
'

&
'

]ÃN_

NA!ﬀ#3^	3ﬁ
-
 
 /
6
f
+
 
 ﬁ= ﬁ 			ﬁ"#5#L! ﬁﬂN 
< ﬂ  ﬀﬁR# HT  #ﬁ !*)JﬁﬂNA!ﬀ#3
>$#ﬁ;
-:

 
-:

 
-:ﬂﬁ

-:ﬃ
 
;ﬁﬂ ﬁﬂNJG(>N	%> 
N
W%&
*.'

-
 
,N W%&
*('

xlbnb],-



-

-

ﬁ
-

ﬃ
_
e
ÌÊ
e
Í
 	
	 	ﬀﬁﬂﬃ	 !ﬁ"#$

 #3#"!
¬l
|
( Z
%º;i
X
[«sk\%hfmfu[skixlLnb[z%sk[i
ﬀ
]
(
_#xlLnbithjacngaunq'i
X
[,[Uxikl
|
s"+
I
-/
(
º
1
 irl]º
acsyi
X
['sr[iljhfmf>[xirl
|
s}lji
X
[«öl
|
\
 f +


!,ﬃcﬃ+

!, e4+
 ﬁ
!,

+
 ﬃ
-0/
(
 
*Q



*
  ]kN_
WX
ausyL[xikl
|
¨S[fulLngbsyirl%i
X
[
X
wgp[
|
pqfuhLng[UN
'
&
*
W
a¤&hn
v
lLngfuw5ami
X
[ 
*
h
|
[­i
X
['plbsrauirau[«sklfcdgiraulLnqsyl
i
X
[fuaung[Uh
|
skwgsrik[\ ]¢N_k§#¬
|
lb\ ]rUN_#lLnq[
X
hsyi
X
hji
-  0
f&-


!, c -
 
!, e -
ﬂﬁ
!-

-
ﬃ
 
* Q



*
 
WX
dqsº -
 
ausi
X
[acnLik[
|
sr[Uxikamlbn5lj N W%&
*('
 aui
X
xlbnb ]%-:


-:  -:ﬂﬁ2-:ﬃ_t§
WX
[
v
am£9[
|
[UnLikauhfacnqxfudqskaulLn\-[hLnqs­i
X
hii
X
[-\-likamlbnacs­nglLi
v
[ir[
|
\-acng[
v
acnh+dqngac¦bdq[e yhwo¨bw
i
X
acsGxlbnqx[Upgi/l»¬aufuaupqpSl®%srlLfudgikamlbnqs§
W
lex
X
l;lLsk[¨S[iª }[[n%i
X
[sk[s
v
am£9[
|
[UnLiGi
|
h®~[xirl
|
au[sº }[ lbdgf
v
nq[[
v
hN\-l
|
[,stpS[xa &SxxlLnqx[pgilsklfcdgiraulLnqs§
WX
acsexlLnqski
|
dqxiraulLn"\%hwC¨S[xlbnLikaun;dg[
v
lLnhjfuf/acnbir[
|
sk[xikamlbnlji
Xq|
[s
X
lLf
v
pgfchng[Us§o¯ªi' aufmf}¨[
hLx
X
au[[
v
acn_b[xiraulLn
L
lLnosrlb\[«aufmfcdqski
|
hjikamL[,[zqh\%pgfu[s§
 
0*ﬁﬃ'ﬀﬂ ﬀ0*ﬁﬃ»$&,$&	ﬀﬁ 	--$&

[ys
X
l® ngl® i
X
[ydgiraufmauiªwljqi
X
acsxlLnqx[pgiljsklfcdgiraulLns>acn'i
X
[skikd
v
wljqi
X
[}skaunqLdgfch
|
srik[h
v
w«skikhir[Us§
_;nqlLdqstsraShn
v
WX
lL\%hLs Q UTSacnLi
|
l
v
dx[
v
i
X
[xlbnqx[Upgiks#l
|
[bdgfch
|
srithjikamlbnqh
|
w'plLaunbits ]

_
{
_>hn
v
skacngLdgfch
|
skikhiraulLnqh
|
wepSlacnbiks ]ª_q_
{
_»aun%\-l
v
[fcs/xlb\%p
|
acskaungskir[Upe°dnqxikamlbnqs§


_
{
aus/h«skikhiraulLnqh
|
w
pSlacnbi 
X
[
|
[­nglbng[­l»i
X
[,®h
|
auhL¨gfu[sfmau[­lbnNi
X
[a
|
i
Xq|
[s
X
lf
v
s§

_q_
{
ausyhsrithjiraulLnh
|
w-pSlacnbi 
X
[
|
[
lbng[l
|
\-l
|
[®h
|
auhL¨gfu[s/fuau[lLn%i
X
[a
|
i
Xq|
[s
X
lf
v
s§
WX
[

_
{
h
|
[skau\%pgfuw
v
[ﬀ&Snq[
v
¨bw%pqdgirikaunq
(
)
 
acn ]¢=_tºi
X
hji&acsºb¨Lwe[¦;dqhjikamlbnU/
(
,+ ]
(
_t§
WX
aus&[U¦bdhjiraulLn
X
hLsh«sklfcdgiraulLnam¥hLn'lLnqfmw'am9öl
|
sklL\-[}¨Slz

ºgi
X
[,ölgxhf»plLaunbi -: ¨[fmlbngLsyikl

§

xxl
|
v
acngikl
WX
[l
|
[\.Lº
(
.-: acshn+hskw;\%pgiklikauxhjfufmw
skikhL¨gfu[

_
{
§_baunx[oi
X
[
{ A
skw;skir[U\ acs-nqli
v
[ﬀ&9ng[
v
lLn i
X
[ﬀi
X|
[Us
X
lLf
v
pgfchng[Usº}__
{
xhnqnqliN¨[
v
[ﬀ&Sng[
v
¨Lw
(
)
 q§
WX
[a
|
v
[ﬀ&SngauiraulLnoacsnglLiyskl%lL¨b;amlbdqs ]Ãsk[[ Q¤TS×ºpZ§/g`j]!_k§
¯n"i
X
[5p
|
[sk[nbi'pqhpS[
|
º> }[5dqsk[
v
i
X
[5xlLnx[pqiljsrlLfudgikamlbnqsl ]×=_acn"i
X
[5sk[nqsk[Nljy¬&amfuacpqpl®¥º
skl }[
X
h[-nglop
|
lb¨gfm[U\. ami
X
i
X
[
v
[ﬀ&Snqamikamlbnlsrithjikamlbnqh
|
wplLaunbiks§¯n
v
[[
v
i
X
[%pSlacnLi
(
eaus
xhjfufm[
v
hskikhiraulLnqh
|
wpSlacnbiöl
|
i
X
[
{ A
skwgsrik[\ ]¢=_amyami'acshsklfcdgiraulLnZºi
X
hiausº>am
(
]_aus'h
sklfcdgikamlbn ]Ãaun5i
X
[,sr[Unqsr[lZ¬aufuaupqpSl®_l ]×=_t§

_q_
{
acsGh'skikhiraulLnqh
|
w-plLaunbi/ 
X
aux
X
¨S[fulLngbs/iklesrlb\-[
i
Xq|
[s
X
lf
v
pqfuhLng[§
/1
²;¶9U²$
FC
!\=RN  3 #*)Bﬁ #  ﬀ g    ﬁ=	@;ﬁ
R 
(=< > ﬁ #ﬂﬁ ( ﬀﬁ Gﬀ \ﬀ#ﬂ  $ﬁ"# #"!
ﬀ%$ﬃ
;
 #3#"!TA
[i
(
?5¨S[he_q_
{
 
X
aux
X
¨S[fulLngbs/irli
X
[¨gfchx!©e }hfmf7N §
WX
[nZºblLng[
X
hs;9C-
	
Z
N §
WX
dqs -
	
acsh%srith¨gfu[ngl
v
[lja]"ZN_GhLn
v
X
[nx[ºqhLnﬀhskw;\%pgiklikauxhjfufmw5skikhL¨gfm[sklfcdgiraulLnol^]¢N_k§
W
l5hlLa
v
i
X
[
v
a
	5xdgfmikam[Usl Q¤TSaunoi
X
[
v
[ &SngauiraulLnﬀljG_q_
{
º
{
fch
X
ir[«[ihjf¢§ Q bº `SstdgL[skir[
v
irl
v
[ﬀ&Sng[-hskikhiraulLnqh
|
woplLaunbil/i
X
[
{ A
srwgskir[\.hLsi
X
[efuau\-aui­lGsrithjiraulLnh
|
w+pSlacnLitsl
X
lL\-lLfmlLlLds
ÊÊÓhqì	iÔðﬀj
U  
#   
xlLnbiracn;dglLdssrwgskir[U\-sº 
X
[ni
X
[eskir[[Upqng[Uskslj#i
X
[-srauL\-lLa
v
°dqnqxiraulLnqs­acnqx
|
[hLsr[Us§
WX
[eskikhiraulLnqh
|
w
pSlacnbi­acs«skha
v
irlﬀ¨[%skaungbdgfch
|
a¤Gi
X
acs«fmac\-ami«fuam[Us­acnsklL\-[i
Xq|
[s
X
lf
v
pqfuhLng[§

aui
X
i
X
acs
v
[ﬀ&9ngamikamlbnZº
auiacs,ngli,srl+lL¨b;amlbdqsirl
X
hn
v
fm[i
X
[%xlbnqx[Upgil}_q_
{
hjii
X
[efuac\aui§,¬l
|
acnqskikhnx[º¥i
X
[sk[hLdgi
X
l
|
s
 
|
lik[5i
X
hji ﬃ

skwg\-pqirlikauxhjfufmwskikhL¨gfm[+srik[h
v
w"pSlacnbieli
X
[
{ A
skwgsrik[\ xhLnlLngfuw¨[+fmlgxhjir[
v
acn
i
|
hLnqstpqh
|
[nbi/ yhjfufus§¯×h
{"A
i
|
h®~[Uxikl
|
w[Unqxlbdqnbir[
|
sGh-¨gfchx!© }hfmf¢º;amiyskau\%pgfuwNxlL\-[­irl%h
v
[Uh
v
skirlbp
acnhskikh¨qfm[Lº&¨dgienglLiehskwg\-pqirlikauxhjfufmwsrith¨gfu[5skaungbdgfch
|
pSlacnbi§  $]Ãsk[[ Q 3S×º#pZ§`]$_k§
WX
acsexfchjac\ aus
xlLnbi
|
h
v
auxir[
v
¨bwi
X
['p
|
[;amlbdqs}i
X
[l
|
[\ ]¢x!§/i
X
[ &
|
sriy[zqhL\-pqfm[«lj&i
X
['ng[zgisk[xikamlbn _k§
WX
['hLnqhjfuwgsracsylj/_q_
{
fuw;aungNlbn+h ]67-=_Ã¡×¨Slz  
X
acx
X
acsyi
X
['aunbik[
|
sr[UxiraulLn+ljiª l%i
Xq|
[Us
X
lf
v
pqfuhLng[sacs\-l
|
[
v
[fmacxhir[L§
A
[iY
Z
 ¨S[eh5skikhjikamlbnqh
|
wpSlacnbiº9i
X
[Un
(
] _ Facsh5sklfcdgikamlbnﬀlj#i
X
[
v
a¤£¥[
|
[nbirachjf}acnqxfcdqskamlbn ]"`N_t§
WX
dqs 
Z
+
 
hLn
v
+
 





§¯× +
 
v
lb[UsnqlixlLnqskacsri'llLngfuw
pSlacnbi.>ºbi
X
[n 5acsydqnqskikh¨qfm[L§¯×ﬀ+
 
 Pa5SbºLi
X
[n
(
,+
 
aus}hn5hLsrwg\%pgikliracxhfmfuw%srith¨gfu[­skikhiraulLnqh
|
w
pSlacnbiylj ] `N_k§­[nqx[«amiyacshskikhiraulLnqh
|
wNpSlacnLiyl^]¢N_k§#¬9d
|
i
X
[
|
hLnqhjfuwgsr[Ush
|
[«ng[[
v
[
v
irlNskikd
v
w5i
X
[
skikhL¨gaufmauiªw§

[oxhLnskikd
v
wCacn"i
X
[+sth\-[5\%hnqng[
|
i
X
[ﬀ_q_
{
 
X
aux
X
¨S[fulLngirli
X
[5acnLik[
|
sr[UxikamlbnCl
\-l
|
[«i
X
hn+iª l%i
X|
[Us
X
lLf
v X
wgp[
|
pgfchnq[s§
 
o'34
WX
aussk[xiraulLnacs«acnLik[n
v
[
v
irlﬀaufmfcdqski
|
hjir[-i
X
[5hpqpgfuacxh¨qamfuamiªwllbd
|
hpqp
|
lLhLx
X
acnsklL\-[-iªwgpgauxhjf&[z;¡
hL\%pgfm[Usy 
X
acx
X
hLpqpS[h
|
[
v
aunoi
X
[fmauir[
|
hikd
|
[§
¯n-i
X
[yölfufml® acng,[zqh\%pgfu[sºj }[xlLnsra
v
[
|
i
X
[yöl
|
\ ]
%
_»lj9i
X
[
{"A
skwgsrik[\o§¯×9i
X
[
|
[aus&lbngfuw'lLng[
i
Xq|
[s
X
lf
v
®hjfcdg[U
f
*
öl
|
i
X
[e®h
|
ach¨gfu[
(
*
ºS }[
v
[Unglik['aui­skau\%pgfuw7
*
hn
v
 }[
v
[Unglik[ d
*
 ]
(
*

*
_k§
 X
[ng[[
|
nq[x[Usksth
|
wº; }[skpS[xa¤öwdﬃW
*
hs d$W

*
hLn
v
 }[
v
[nqlir[ d$W
6
*
 V-@d$W

*
§
 	
ﬀﬁﬃﬂ "!#%$&ﬂ'(*),+-.ﬁ/ﬃ0ﬂ2143%5
¯ni
X
acs &
|
sri­[zqh\%pgfu[e }[
X
h['i
X
[-xhsk[elhnhLsrwg\%pgikliracxhfmfuwsrith¨gfu[%__
{
acnh+¨gfchx!©o }hfmf¥ [
lb¨gikhaun+i
X
['dqnqskikh¨qamfuamiªw+lji
X
[lLi
X
[
|
_q_
{
§
lbnqsra
v
[
|
hiª }l
v
ac\-[nqskamlbnqhjf9srwgskir[U\ aui
X
lbng[i
Xq|
[Us
X
lf
v
hfudq[ 
*
öl
|
[hLx
X
h
|
ach¨qfm[
(
*
§
WX
[
[U¦;dqhjikamlbnqsh
|
[
(
)
f
76 f]d

f
d
6
c
!8d
6
f
d

c
_J-
(
f$
(
)
c
76ﬂcﬃd
6
f
-
(
c 
]k_
WX
[-plbsrauirau[-xlbng['acssk[pqh
|
hir[
v
acnﬀölbd
|
¨Slzg[s

+ +
º

+ f
º

f"+
º¥hn
v

ff
]Ã¬au§
%
_t§

stskd\[
i
X
hji86
f
,
f
hLn
v
6gc , cL§
WX
[eölgxhjf#pSlacnbiks,h
|
[ +
+ +
 ]ÃR96gc_
Z

+ f
º;+
+ f
 ]:6
f
96gc_
Z

ff
º
+
f"+
 ];6
f
k$_
Z

fL+
hn
v
+
ff
 ]¢k$_
Z

+ +
§
WX
dsº+
f"+
acshLn5hskwg\%pgirlLiracxhjfufuw%skikhL¨gfu[

_
{
§
WX
[
 yhjfuf N
f
aus« 
X
auir[Lº9N c%acs¨gfuhLx!©9ºON ehn
v
N

h
|
[%i
|
hLnqskph
|
[nbi§
WX
[5skfma
v
acng\lLiraulLnClLn N
f
aus
LamL[no¨bw
(
)
c
76ﬂc -#
f
6gc$<6
f
-
(
c§
WX
['skfua
v
acngN\-likamlbnlbn N c«acsyau[no¨bw
(
)
c
ﬁ
f
6gc$<6
f
-
(
c§

skstdq\-[ei
X
hji=6=fUD $ﬂfhLn
v
6
c
>6 fE
c
ﬃﬂfU§
WX
[UnZº¥i
X
[ölgxhjf&pSlacnLiC+
	

 ]ﬂf$?6
c
-@f@6
c
<6=f,_
¨S[fulLnqLs,irlNJfehLn
v
i
X
[-ölgxhf&pSlacnbiU+
	

 ]ﬂfﬃﬂf@6
c
<6=f,_¨S[fulLngbs­iklN
c
§
WX
dqsM+
	

acs«aus«hLn
dnqsrith¨gfu[+_q_
{
hn
v
+
	

acsehLn"hskw;\%pgiklikauxhjfufmwsrith¨gfu[+_q_
{
§ Ml
|
[l®[
|
º>i
X
[pSlacnbi  ] ﬂf$
c
_
¨S[fulLnqLsyirl%i
X
['xlbnLL[zsk[ixlLnb ]+
+ +
a+
+ f
 +
fL+
a+
ff
_tºqi
X
dqs  aush__
{
gauiausdqnqskikh¨qfm[L§
e
ÌÊ
e
Í
 	
	 	ﬀﬁﬂﬃ	 !ﬁ"#$
L
  	
(/$ $ ()	 ﬁ*  $ 1 
 5
­[
|
[+ }[olL¨githjacn i
X
[ﬀfmlgxhiraulLnY]Ãhn
v
nglLilbngfuwIi
X
[
v
[ir[UxiraulLn _«li
X
[__
{
§
WX
acs%[zqh\%pgfu[+ yhs
p
|
lbplbsr[
v
acnYQ¤TSyhshn"aufmfcdqski
|
hjiraulLnli
X
[\-[i
X
l
v
l
v
[ir[Uxikamlbnlj­_q_
{
§#lLnqska
v
[
|
hﬀiª l
v
a¤¡
\-[UnqsraulLnhjf¥srwgskir[\  aui
X
iª li
Xq|
[s
X
lf
v
®hjfcdg[Us"
f
*
D8
c
*
öl
|
[hLx
X
®h
|
auhL¨gfu[
(
*
§
WX
[,[¦;dqhjikamlbnqs}h
|
[
(
)
f
 6 f d
f
f
! 6ﬂeﬃd
c
c
-
(
f (
)
c
 6ﬂc d
c
f
! 6

d
f
c
-
(
c 
]kU=_
WX
[+plbsrauirau[xlLng[Nacsesk[ph
|
hjir[
v
aunngacng[¨Slzg[s

*
W
º
1



t ]°¬&au§ﬀ]$_t§

stskdq\-[5i
X
hji

f
f
D 6 f D 
c
f
º"
f
f
D 6ﬂe@D 
c
f
D 6 f ! 6gejºyhn
v

f
c
D 6gc@D 
c
c
º"
f
c
D 6

D 
c
c
D 6gc!6

§
WX
[ölgxhf,pSlacnbiksﬀh
|
[#+
+ +
 ]ÃRk$_
Z

+ +
ºC+
fL+
 ]:6 f tN_
Z

fL+
º+
c +
 ];6 f 96gc_
Z

ff
º
+
+ f
 ]ÃR96

_
Z

+ f
º +
ff
 ]:6 f 96

_
Z

ff
º;+
c f
 ];6 f 96gcY! 6

_
Z

f c
º +
+ c
 ]:6ge2?6

_
Z

ff
º
+
f c
 ]:6 f ! 6ge2?6

_
Z

c f
hn
v
+
cc
 ];6 f ! 6ge:?6ﬂc%!-6

_
Z

cc
§
WX
dsº +
+ +
º +
fL+
º&+
+ f
º&+
ff
hn
v
+
cc
h
|
[}hLsrwg\%pgirlLiracxhfmfuwsrith¨gfu[

_
{
§
A
[i&ds
v
[ir[
|
\-acng[yi
X
[_q_
{
§

 yhjfuf N sk[pqh
|
hiracngi
X
[¨lzg[s

*
W
hLn
v 
'
&
acs
v
[Unglik[
v
¨bw N\ ]

*
W


'
&
_t§
WX
[ }hfmfcs?NJfC ]

+ +


+f
_kº N c  ]

+ +


fL+
_kº
N e  ]

f"+


ff
_,hn
v
N

 ]%N
+f
 N
ff
_,h
|
[- 
X
amik[§

fufGli
X
[
|
 }hfmfcs'h
|
[Ni
|
hnskpqh
|
[Unbi§
WX
[
skfua
v
acng\-lLiraulLn"lLn N fNauseau[n¨bw
(
)
f
 -
(
f Gamits'ölgxhf}pSlacnbi'acs+
	

 ]Ã'
f
c
_
Z
N fj§
WX
[
skfua
v
acng\-lLiraulLn"lLn N
c
auseau[n¨bw
(
)
c
 -
(
c
Gamits'ölgxhf}pSlacnbi'acs+
	

 ] 
f
f
k$_
Z
N
c
§
WX
[
skfua
v
acng5\-likamlbnolLn N e'ausau[no¨bw
(
)
f
6
f
-
(
f
SamitsyölgxhfpSlacnLiacs +
	
ﬁ  ]:6
f
'
f
c
_
Z
N eL§
WX
[
skfua
v
acng%\-liraulLnlLn N

acs}au[n¨Lw
(
)
c
 6

-
(
cgauiks}ölgxhf¥pSlacnbiacs +
	
ﬃ  ] 
f
f
96

_
Z
N

§
WX
dqs
+
	

º&+
	

º +
	
ﬁ
hn
v
+
	
ﬃ
h
|
[_q_
{
qi
X
[woh
|
[dqnsrith¨gfu[§lLnqska
v
[
|
ngl®  i
X
['aunbik[
|
sr[UxiraulLnsylj#i
X
[
i
Xq|
[s
X
lf
v
pqfuhLng[s§
O
ng[
X
hs
] 
f
f
'
f
c
_
Z
xlbnb]`+
+ +
a+
+ f
 +
fL+
a+
ff
_' ] 
c
f
'
c
c
_
Z
xlbnb]`+
ff
a+
c
f
 +
f
c
a+
cc
_ 
WX
dqs 
f  ] 
f
f

f
c
_Ghn
v

c
 ]
c
f

c
c
_Gh
|
['__
{
gi
X
[woh
|
[«dnqsrith¨gfu[§ Ml
|
[l®[
|
] 
f
f
'
c
c
_
Z
xlbnb]`+
+f
a+
ff
 +
f
c
a+
+
c
_' ] 
c
f
'
f
c
_
Z
xlbnb]`+
fL+
a+
c
+
 +
c
f
a+
ff
_ 
WX
dqsº  e# ] 
f
f

c
c
_'hn
v


 ]
c
f
'
f
c
_h
|
[ongliNskikhiraulLnqh
|
wpSlacnLits§F[Unqx[J]kU=_
X
hLs[fm[[Un
skikhiraulLnqh
|
w5pSlacnbiksº$&L[,li
X
[\
h
|
[
|
[bdgfch
|
º=ZNh
|
[«skaungbdgfch
|
§

likaux[i
X
hiaunolLd
|
hpqp
|
lLhLx
X
º;i
X
[
__
{
¨[fmlbngacngNiklN 
X
amik[' yhjfufush
|
[nglLilLngfuw
v
[ir[Uxik[
v
¨qdgihfusklNful;xhjik[
v
]ÃxlL\%pqh
|
[« ami
X
Q UTS×ºSpZ§
g`q¡×g`L=_t§
 	
ﬀﬁ/ﬃ $ 143%5

[exlLnqska
v
[
|
hNL[ng[
|
[Ldgfchjikl
|
w5\l
v
[facnb[Usrikambhjir[
v
¨Lw
WX
lL\%hLsR]Q¤ﬀS"_yhn
v
skikd
v
au[
v
¨Lw
{
fch
X
ik[
[iehjf¢§ ]Q ,S _k§
WX
[sk[5hdqi
X
l
|
s'dsr[%öl
|
i
X
[a
|
sritd
v
w"hxlbnbiracnbdqlLdqshLpqp
|
lz;ac\%hjikamlbnlyi
X
[skwgsrik[\
¨bwﬀfullLa
v
s§

[
|
[Uxhjfuf&¨
|
au[ﬀ[Swoi
X
[a
|
hpqp
|
lLhLx
X
hn
v
|
[Uskdgfuiks,h®öik[
|
 }h
|
v
s§

[-lL¨githjacnhxlL\%pgfu[ir[
hLnqhjfuwgsracs}lj&i
X
[[zqh\%pgfu[§
lbnqsra
v
[
|
i
X
[­i
Xq|
[[
v
au\-[nsraulLnqhf9skwgsrik[\  aui
X
lbng[,i
Xq|
[s
X
lf
v
®hjfcdg[ 
*
öl
|
[hLx
X
®h
|
auhL¨gfu[
(
*
§
(
)
f
 6 fd
6
c
d

e
-#/$f
(
f$
(
)
c
 6
c
d

f
d

e
-0/
c
(
c

(
)
e
 6ﬂeﬂ]d
6
f
!?d

c
-@d
6
f
d

c
_;-0/ e
(
e 
]k
%
_
ÊÊÓhqì	iÔðﬀj
  
#   
WX
[­plbsrauirau[xlLng[acsGsk[ph
|
hjir[
v
acnN[am
X
i/¨Slzg[s

*
W
'
º
1


?6X §

stskd\[i
X
hiG=D b
*
DQº
 
X
[
|
[ b
*
 /
*

*
<6
*
º
1
4t
%
§
WX
[ölgxhjfplLaunbits+h
|
[ -
+ + +
 -
+ fL+
 -
+ff
 -
ffL+

]¢t96ge4$/ e_
Z

+ + f
º -
fL+ +
 ]ÃRktN_
Z

+ + +
º -
+ +f
 ]:6 f $/ f kR96ge ﬃ/=e_
Z

fL+ f
ºA-
fL+ f

];6 f ﬃ/$f ?6 c ﬃ/ c k$_
Z

ffL+
ºGhn
v
&Snqhfmfuw -
fff
 ]Ã?6 c ﬃ/ c ?6 e ﬃ/ e _
Z

+ ff
§
WX
dqsº ]k
%
_
X
hLsngl

_
{
§
A
[idqs
v
[ir[
|
\-acng[«i
X
[e_q_
{
§

fufZ }hfmfcsyh
|
[i
|
hnskpqh
|
[Unbi§ [nx[«i
X
[
|
[«acsynglNsrfua
v
aung%\-likamlbn
lbni
X
[N yhjfufus§
WX
[+__
{
\edqskifuam[NlbnCi
X
[NacnLik[
|
sr[UxikamlbnCl}iª }lﬀl
|
\-l
|
[%i
Xq|
[s
X
lLf
v
pgfchng[Us§
A
[i
N
*
W
 P
(#Z
N 
(
*
 
*

(
W
O
W
SL§
A
[i fC P
(0Z
N ce 
(
fKﬂf S" c  P
(#Z
N f e gF
(
c D
 c Shn
v
 e  P
(ﬁZ
Nf c 
(
e   e Sb§
WX
[5skfma
v
acng\-liraulLnlbn 
*
acsau[UnC¨bwCi
X
[
v
am£¥[
|
[nbirachjf
acnqxfudqskaulLn ( )
*
]_
Z
6
*  *
-0/
*
(
*
] _a
(
*
] _
Z

*
 
X
[
|
[
 
f  Q \-acn ]ÃR bc%- be_'t\%h®z ]bc2V- be_S`
 
c  Q \-acn ]ÃR b f - be_'t\%h®z ]b f V- be_S`
 
e  Q \acn ]kV- b f V- bc_'t\%h®z ]rt - b f - bc_S 
O
nq[
X
hsh5_q_
{
lbn
*
am&hLn
v
lbngfuw5a¤&i
X
['xl
|t|
[stplbn
v
acngeölgxhjf»sk[iacnLik[
|
sr[Uxits 
*
ºqi
X
hjiyausº
6
*  *
$/
*


*



]k]$_
¬Sl
|
1
º9xlbn
v
auiraulLnJ]r]$_/acs[U¦bdqam®hjfu[nbiikl b
f
D \%h®z ]bc2 -Jbe_k§y¬l
|
1
QqºSxlLn
v
auiraulLnJ]k]!_/aus
[U¦;dgam®hfm[UnLiirlRb
e
Dbgf.- b
c
§&¬l
|
1

%
º;xlbn
v
auiraulLn ]k]$_aus[¦;dgau®hjfu[nbiGikl2b
e
D Y- bgf.- b
c
§ﬀ[Unqx[
i
X
[exdq¨[- D5b
*
D º
1
 2Ô
%
acnpqh
|
hL\[ir[
|
skphx[Lºacssk[pqh
|
hir[
v
acnbirlNölbd
|
v
a¤£¥[
|
[nbi
|
[Lamlbnqsº
acno 
X
acx
X
lbng[ºgiª }l%l
|
i
X|
[['__
{
\%hw5[zgacsriylLn 
*
º
1
 t
%
]Ã¬&amS§!ZN_t§
WX
[%fuaunq[
)
c
 P
(?Z
Nf
e

(
c
O
c
S-acs,i
X
[Nxlb\%\lbn[
v
[-ljGi
X
[N¨lzg[Us

+f"+
º

ff"+
º

+ ff
hLn
v

fff
§
O
ng[
X
hs"N f
e

xlLnb ]%-
+ f"+
-
ff"+

-
+ff

-
fff
_ﬀ

§ﬀ[Unqx[LºLi
X
[
|
[acsGnqlskfma
v
acnge\-likamlbn
lbn
)
c
§

fcsrlSºglLng[
X
hLs
N
f
c

xlLnb ]%-
+ + +
-
f"+ +
-
+ fL+
-
ffL+
_ﬀ

 Nace

xlLnb ]%-
+ + +
-
+ fL+
-
+ ff
-
+ +f
_ﬀ


WX
dqsºGi
X
[
|
[ﬀausNnql"skfua
v
acng\-likamlbnqs-lLn i
X
[sk[L\-[UnLits 
)
e
 P
( Z
N f
c
} 
(
e
D 
e
Shn
v

)
f
P
( Z
N^ceM
(
f
DF
f
Sb§
A
[i+ds+xlLnqska
v
[
|
ngl® .i
X
[acnbir[
|
sk[xikamlbn lj'i
X
[i
Xq|
[[i
X|
[Us
X
lLf
v
pqfuhLng[s§
WX
[plLaunbi  
]
f
 c2 e_»acs/h'_q_
{
amZhn
v
lLnqfmw'amZami/¨S[fulLnqLs&irli
X
[xlbnb[z-sr[i/xlLnbithjacngaunq«hfmf;ölgxhjfpSlacnbiks -
*
W
'
º
1


?6  §
WX
ausxhsk['h
|
ausk[sa¤/hn
v
lbngfuw+am
b
f
! be bc®ºbc"! be b
f
hn
v
b
f
! bc"! be D 
]¢sr[[«¬au§ Z- 
X
acx
Xﬀ|
[Up
|
[sk[nbii
X
[
v
lb\-haun+acnoph
|
h\-[ik[
|
skphx[«acno 
X
aux
X
aush_q_
{
_k§
A
[iydqsxlLnqska
v
[
|
ngl®  i
X
[«xlbnbiracnbdqlLdqs}hpqp
|
lbhx
X
lj^Q ,S×§
 X
[ni
X
[«srik[p5°dqnqxikamlbnqs%d$]
(
_&aun ]
%
_
h
|
[
|
[pgfchx[
v
¨Lw+xlLnbikaun;dglbdqshpqp
|
lzgac\-hiraulLnqsR]
(
 _kºSi
X
[
|
[stdgfuiracngNsrwgskir[\
( )
Kc ]B]
(
 __J-0/
(
 ]k
L
_
acsh%xlbnLikaun;dglbdqshnhjfulLdq[­l^]
%
_k§ ­[
|
[
R]
(
 _  ]	
f
f
34335
 G

f
3433;

f
<
3433;

G

<
_' YW
*
, ]
(
*
$W
*
 _'
e
ÌÊ
e
Í
 	
	 	ﬀﬁﬂﬃ	 !ﬁ"#$

%
hLn
v
 ] R _Gacsh%srauL\-la
v
°dqnqxikamlbnZºstdqx
X
i
X
hii
X
['skir[[pqnq[stsyaunqx
|
[Uhsk[s} 
X
[Un M] ºgi
X
hiausº
fuau\

+
 ] _ﬀ ] $_ 
{
fuh
X
ik[[ihjf¢§ Q 3SZxlbnqsra
v
[
|
[
v
i
X
[«__
{
lj
]k
%
_hs/i
X
[fuac\auiksljZi
X
[­xl
|t|
[UskpSlLn
v
aungxlLnbiracn;dglLdqs
hLnqhjfulbdg[
(
)
f
 6 f 
6
c


e
-#/ f
(
f (
)
c
 6ﬂc 

f


e
-0/=c
(
c:(
)
e
 6ﬂeﬂ]	 6
f
! 

c
-  6
f


c
_J-0/=e
(
e
]k3ZN_
l^]k
%
_t§
WX
[w
v
[ir[Uxir[
v
h-skir[Uh
v
w+srithjir[ ]
(
c
f
] _'
(
c
c
] _a
(
c
e
] _ _Gsthjiracsröwbacng
fuau\

+
(
c
f
] _ﬀﬁ f  fuac\

+
(
c
c
] _ﬀ 6gc]rV- be_ b f $/ c2 fuau\

+
(
c
e
] _ﬀK e:
WX
aus«fuau\-aui'¨[fmlbngLs«ikl ﬃc%am}hLn
v
lbngfuwa¤be   - bcﬃTb f §
WX
[whfuskl
v
[ir[Uxik[
v
h+skir[Uh
v
wCsrithjir[
]
(
e
f
] _a
(
e
c
] _a
(
e
e
] _ _sthjikausröw;aung
fuau\

+
(
e
f
] _ﬀﬁf$ fuac\

+
(
e
c
] _ﬀK
c
 fmac\

+
(
e
e
] _ﬀ 6
e
]kV- bgf b
c
_ ﬃ/
e

WX
ausfmac\-ami¨S[fulLnqLsikl 
e
a¤GhLn
v
lLnqfmw+a¤ b
e
D  -Jbgfb
c
§

lLiracx['i
X
hji­i
X
[
v
lL\%hjacnqsl#[zgauskir[Unqx[
acnﬀpqh
|
h\-[ir[
|
stpqhx[«lji
X
[sk[iª }l5__
{
h
|
[,acnqxfud
v
[
v
aunolbd
|
v
lL\%hjacnqs\]Ã¬au§ Z$_k§
¯ªiacsxfchjac\-[
v
aun Q ,S»i
X
hjiskir[h
v
wpSlacnbiks\%hw5lLnqfmw5[zgauskiylLn 
c
hLn
v

e
 
X
acx
X
xl
|t|
[UskpSlLn
v
irl
xa
|
xdqamitsauni
X
['i
|
hLnqskamikamlbn+
|
hLp
X
]°¬&au§
L
_t§y¯no°hxiºauiacs[Uhskamfuw+sk[[Unﬀi
X
hiR]r,ZN_hfuskl
X
hshNi
X
a
|
v
skir[Uh
v
w+srithjir[ ]
(
f
f
] _'
(
f
c
] _a
(
f
e
] _ _Gsthjiracsröwbacng
fuau\

+
(
f
f
] _ﬀ76
f
]rV- be_ bc ﬃ/
f
 fuau\

+
(
f
c
] _ ﬁ c2 fuau\

+
(
f
e
] _ﬀK e 
WX
ausfmac\-amiN¨S[fulLngbseikl

f
a¤­hLn
v
lbngfuwam be#DﬃU-Db
f
bchLn
v
i
X
[oxl
|t|
[UskpSlLn
v
aunq
v
lL\%haunl
[zgauskir[Unqx[oaus%acnqxfud
v
[
v
aun lLd
|
v
lL\%hjacn5]Ã¬au§ ZN_t§

ngli
X
[
|
xlLnbiracn;dglLds-hLpqp
|
lzgau\%hjikamlbnlj,i
X
[
skwgsrik[\ ]r
%
_G }lLdgf
v
X
hL[au[_q_
{
fmlgxhfmacsk[
v
[fcsk[ 
X
[
|
[Lº¨qdgi,hjfu }hwgsacnﬀi
X
[eölgxhjfsr[iksau[nﬀ¨bw
lbd
|
hnhjfuw;skacsli
X
[
{ A
skw;skir[U\o§

&
	-ﬀ*ﬀ&	
WX
['xlLnx[pqilj&¬aufuaupqpSl®ﬀsrlLfudgikamlbnqsy[nh¨gfu[sh
|
aul
|
lLds}hLn
v
xfu[h
|
i
|
[hjit\-[nbilj#i
X
['p
|
lb¨gfu[\ l
skacngLdgfch
|
sklfcdgiraulLns§-¯ªi'xhLnCp
|
l®;a
v
[-ng[  ikl;lfcsöl
|
[zqpgful
|
aunq+i
X
[Naunbik[
|
[skiracngp
|
lb¨gfu[\%s«h
|
auskaunq

|
lL\ i
X
[Usr[i
Xq|
[Us
X
lf
v
¨gaulfulLauxhjf\-l
v
[fcs§
O
xlbd
|
sr[LºGi
X
[p
|
lb¨gfu[\ l,i
X
[h\¨gambdgauiªwIlj«i
X
[
v
w;nh\-auxhjfG¨S[
X
hbaulLd
|
acn"i
X
[oxhsk[Nlji
X
[
v
am£¥[
|
[nbirachjfaunqxfudsraulLn ] `N_­skikhwgslbp[Un5%amis
X
lbdgf
v
¨[
sklfu[
v
¨bwsklL\-[-\-[i
X
l
v
lj
|
[bdgfuh
|
a #hiraulLnJ]Q TS _kº»[ami
X
[
|
¨bwxlbnLikaun;dglbdqs
X
lL\-lLfmlLlLdsskw;skir[U\%sº
l
|
¨Lw+i
X
[ yhwNlj#h%sriklgx
X
hskiracx«p
|
lgx[sts§
+
*
¶;µ +ö²;·
4
²$"²
*
L}WX
[­hdgi
X
l
|
s#i
X
hnq©i
X
[	
v



_

dgiklL\%hjikau¦;dg[­hn
v
i
X
[¬
|
[nx
X

O

.


|
lLdqp5öl
|
i
X
[a
|
stdqpqpSl
|
i§
ÊÊÓhqì	iÔðﬀj
]  
#   

jﬁ#ﬀ
Q¤ﬀS
A  +ö  ?q²;
*
q 
º
{|
[
v
acxikamlbnﬀlj&fmac\-ami,xwgxfu[saun\%hji
X
[\%hiracxhjf\-l
v
[fcslj#¨gaulj¡
fmlLacxhf9lbskxamfufchjiraulLnsº
	
 $ 3ﬁJ#L! ﬁ=&< ﬂﬁﬂ
	
# # )2(
º


lLfÃ§q]b ]k;`N_tºL¡¢]L]§
Q TS
A  +°q  ?q²;
*

ºy_bikhL¨gfm[lLstxaufmfchjikamlbnqsacn\-hi
X
[U\%hjiracxhf\-l
v
[fcs'l¨gamlLfmlLacxhf
xlbnLi
|
lLfZsrwgskir[\%sº ;
@ﬂﬁﬂ
;	
# # )(
º


lf¢§!Z ]rUb`N_kºqbU¡
%
§
Q
%
S
 
9
 
9
+ +;+;6 6/¶=<
º
¸
am£9[
|
[UnLikauhf
.
¦;dqhiraulLnqs} aui
Xﬀ¸
austxlbnbiracnbdqlLdqs

au
X
i
X
hn
v
_ba
v
[sºfcdL }[
|

xh
v
[U\acx
{
dq¨qfmacs
X
[
|
s\]rg`ﬂ`$_
Q ]S
 >·²¥¶
*ﬃ4
ºNMl
v
[fmacng%hn
v
srac\edgfchjikamlbn5l ­[ng[iracx
|
[Ldgfchjikl
|
w-skwgsrik[\%s&hfmauir[
|
hikd
|
[
|
[¡
;am[ º

[sk[h
|
x
X%|
[Upl
|
i}ngl§b]L
%
qº;_b[Upgir[U\e¨S[
|
jLqºL¯

¯

º
X
ikikp5®   § acn
|
auh§ 
|

|t|t|
i
|t|
¡
]L
%
g§
X
ik\-f¢§
Q
L
Sﬁﬀ
 S 9±ﬀ ﬃﬂ "
*
  +U$+
*
 ! 
/1
¶ "q
º
W
l® yh
| v
sh­fulLauxhjf;hnqhfmwgskauslj9i
X
[yac\%\edqng[
|
[UskpSlLnsr[Lº
# N ﬂ #L!

=#	ﬁ"
	
#ﬂ # )2(
º


lf¢§»] ]kﬂ`
L
_tº
L
L¡
L
Zq§
Q ZS
/
  * ²;+"
G
  ? +ö
1
²
ﬀ
 #$ &%
1
¶ +ö
º
{
[
|
aul
v
auxsrlLfudqiraulLnqs«acnCskwgsrik[\%s«ljypgau[x[ ausk[¡
fmacng[Uh
|
v
a¤£¥[
|
[nbirachjf[¦;dqhiraulLnqsºﬃ'
( =<   9 ﬁ G ; ;ﬁ (P#L!  (Tﬀﬁ &<
º


lLfÃ§P]kL
L
_tº®®j¡

%
§
Q ,S
G
 
? +ö
1
U²
/
  * ²b +(
ﬀ
 #) %
1
¶ + 
º ­fulL¨qhf»hnqhfmwgskaus}l&skir[Uh
v
wpSlacnbiks}öl
|
srwgskir[\%s
lj
v
am£9[
|
[Unbirachjfq[U¦bdhjiraulLns# ami
X
srauL\-lLa
v
acnLik[
|
hxiraulLnqsº*'
(<ﬀ  U ﬁ G ;;ﬁ( #L!V7(Tﬀﬁ &<2
º


lf¢§ ]rUj]!_kºqL
L
¡j§
Q `S
G
 a? +ö
1
²
/
  * ²;+"
ﬀ
 +#$ ,%)
1
¶ + 
º

\-[i
X
l
v
lfulacxhf¨qhLsracsöl
|
v
[stx
|
aupgikamlbnhn
v
hnqhfmwgskaus>ljskwgsrik[\%s> aui
X
xlb\-pqfm[zsk auikx
X
¡×fmac©j[Gaunbir[
|
hLxikamlbnZº* ;
 ﬁ
;	
#
;uº


lf¢§
%
ZB]rUg`N_kº
%
q¡
%
]g`§
Q S
G
 

 
ﬀ
*
¶ >U3+
º.-,dqhfmauikhirau[
v
wgnqh\-acxs-lj«pgam[Ux[ ausk[¡×fmacng[Uh
|
v
a¤£¥[
|
[nbikauhf[¦;dqhjikamlbnqs oh
v
acskx
|
[ir[\%hppgaunqChpp
|
lbhx
X
º'
(=< ﬀ  [ ﬁ G ;;ﬁ( #L!  (Tﬀﬁ &<
º


lLfÃ§&] ]kﬂ`LN_tº},`j¡
j;;§
Q US
G
 

 
ﬀ
*
¶ ,+" 
/21
¶ "q
º
A
lLauxhjf9a
v
[Unbira &SxhiraulLn5lhfmfZskir[h
v
w5skikhjik[sC&i
X
[«xlLnqx[pgi
lj9ö[[
v
¨qhx!©'fml;lLp%x
X
h
|
hLxik[
|
auskiracxskikhir[Us	
 $ 	ﬁ" #"!. ﬁ=&< ﬂﬁﬂ
	
# # )2(
º


lf¢§
LﬂL
]rU
%
_kº
b
%
¡ªqL§
Q LﬀS
! 
/21
¶ "q
º/aung[iracxs,fulacx ,h >yl;lfu[hLnhnqhfmwgskaus­lji
X
[
v
wgnqh\-acx¨S[
X
hbaul
|
ljxlLnbi
|
lf
xa
|
xdgauiksº
A
[xikd
|
[

lLir[saun >yamlb\%hji
X
[\%hjikauxsyqºS_;p
|
acng[
|
]rUb®$_
Q TS10
 
(
 2   +
*
º9_bfua
v
aungN\-l
v
[s}acnxlLnbi
|
lf¥hn
v
lLpgikau\-a #hjikamlbnolb\-\dqngacxhiraulLnqs}hn
v
lLnbi
|
lf
.
ngLaunq[[
|
acngN_;[
|
am[UsºS_;p
|
acng[
|
]rLLN_
e
ÌÊ
e
Í
 	
	 	ﬀﬁﬂﬃ	 !ﬁ"#$

L
+  -0/
(
+

-0/
(

f
(

c
N
¬auLd
|
[%2
WX
[L[fulgxauiªw5lj&\lLiraulLnﬀhjfulLnq-h-i
X|
[Us
X
lLf
v
X
wgp[
|
pgfchnq[§
ÊÊÓhqì	iÔðﬀj
,Z  
#   
+  -0/
(
+

-#/
(
(
+
 
-0/
(
+

ﬁ
-0/
(


e

f
+
ﬃ
-0/
(

c
¬&auLd
|
['
WX
[«[fmlgxamiªw5l&\-lLiraulLnohjfulLng-i
X
[acnbir[
|
sk[xiraulLn+lj&iª l-i
Xq|
[s
X
lLf
v
X
w;pS[
|
pgfchng[Us§
e
ÌÊ
e
Í
 	
	 	ﬀﬁﬂﬃ	 !ﬁ"#$
®
     
    
f

c
+
ff
+
	

(
f
(
c
+
+ +
N c
N
f
N


ff

+f

+ +

fL+
+
	

N
e
+
+ f
+
fL+
¬auLd
|
[
%

WX
[\[Sl® Qhn
v
i
|
hLnqsrauiraulLn+
|
hp
X
l^]rL_
ÊÊÓhqì	iÔðﬀj
,`  
#   
 
 
i 



i


i
i

ðﬀi


i


ð

ð!ð


i

i





ð



ð


i i

i


ð




i i

iÔð


i

ðﬀi

ﬃ

ﬁ




iÔð

ð!ð
¬auLd
|
[«]R
WX
[\[Sl® Qhn
v
i
|
hLnqsrauiraulLn+
|
hp
X
l^]r=_
e
ÌÊ
e
Í
 	
	 	ﬀﬁﬂﬃ	 !ﬁ"#$
U

fff

ffL+

fL+ +

+ + +

+ + f

fL+ f

+ +f
¬&ambd
|
[
L

WX
[i
|
hnqskauiraulLn+
|
hp
X
lj]r
%
_
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




















b
c
be be
b
c
b
c
bgf bgf bgf
b
f
ﬃc

f:%
c
%
e

e

c
%
e
ﬃc% e

fﬃ 
c
%
e
ﬃe
ﬃc
b
e
¬&auLd
|
[RZ
WX
[
v
lb\%hjacnqslj#[z;acskir[nx['l/_q_
{
lj ]r
%
hn
v
,ZN_tºs
X
l® nﬀaunﬀi
X
[Rb
c
¡db
e
pgfchng['öl
|
hLn
h
|
¨qami
|
h
|
w%®hjfcdg[lj bgf§
ÊÊÓhqì	iÔðﬀj
Unite´ de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Unite´ de recherche INRIA Lorraine : LORIA, Technopoˆle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-le`s-Nancy Cedex (France)
Unite´ de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unite´ de recherche INRIA Rhoˆne-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unite´ de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
´Editeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)
  	


	  
ISSN 0249-6399
